; e3e *eg bbbcd4dn. g6dgTgBJg04. 03. 2002 METHOD FOR PRODUCTI ON OF ANTI FOULI NG
RESI N AND ANTI FOULI NG RESI'N COVPCOSI TI ON BACKGROUND OF THE | NVENTI ON Fi el d
of the Invention S This invention relates to a nethod for the r?ﬁgftiqp of
an antifouling resin and an antifouling coating conposition, for 0
particularly to a nethod for the production of an antifouling resin. Resins
of the present invention are generally suitable for use as binders for

antifouli [ ' j ' iImto
e used prRAPLAOK BROMACTIONDE ARG IRGIRESN P ANERROLTING o of
biotic pollution. 10 Descri pti ESIN CoMPOSIAGNAS the binder for an
antifouling coating material, resins containing a carboxylate of tin have

been wi dely used heretofore. On account of the toxicity, a switch fromthis
resin to other resin syst BACKaRODUM) HeTHE INYBNEIQNur ged. In recent

years, studies are chiefly directed to resins which contain carboxyl ates of
copper I neasure has yet been perfected for controlling the
speed O?ﬂgd§kQﬁ h%%nl ng filnms obtained by these resins. Though these
resins indeed.manifest a.fair ability.to prevent foulin t hey have

r oblers. wi ¢ TN ELERTSR, RIfPT Eegiadior EpieREian e BRHaWE el a1t |
the casenafoding@Dhtng\Erisbsitih, andRiod p&RickaNY 16 hndhdd fdrYheptdiutiéh of an

nol ecul ar unit, the nethod which obtains the resin by sinply polynerizing a
mononer Jntifmeingimsint hRkesimst afl the @resemthioxsritimheare igenarallly suicableafdrause lae bindeid em
of incuryring.difficulty in synthesizing the resin because t

ol yrror | 25 e pubiRE HoPYE MRS A ich CaPARe oG PBRINESURRRERE B TAEDY MBI O
An obj e : i teai i i j el oping a
Fosim ahPicgiR, o VEsOS dnp i BUERRT ol i FRLIATOR ST bEEE PollfiBt2 PPt Ol g
property to be manifested 25 for a long tine, generally at |east one year.
It vids dDésariptar obBeleetd A devel op a nethod for stable production of the
resin. The present inventors have continued a diligent study with a viewto
attai ni ng t hesethersinderfer aw bhfotlingoshtifg neatelid ¢ easarsednaiiing quarioxylate of
specific resin 146402 04. 03. 2002 which is very easily. produced on a
conmer citH} hayezheen widely gised, heretadore; @n jagcquat af Hierdgxicky amvitehfrombupresperty.
This iny | c : A\ : and
othor orpand el RERS HAFELACHAR: Bafbib Trpid - il RRRERHEET L) big R

ant i f oul diregtedas iresinOWhich Togin daglboxylaies of dopper dn@sdint. (A) simul taneously 5
contai ning a carboxyl group and a group having a polyal kyl ene gl ycol .
strudture repNedessse bas yasrbegn ;pe(iyg:c}ted for C%‘H%Ht)g -the “speedj off Weah&F SPANNE i s
a hydro t i.ght j > [ i .Ce.al an
2 ol eyt sSR! o yRIE RS 0 el AR Heel ity St ity B B,
and not foplisg, tthénhd@Groblefnavifineattingr diffitulty imirétinirg theirhugfeorsi dRurttier, in

hydroxi de of a netallic atom having a val ence of not |ess than _
the case of a resin which has a metal carboxylate structure in the molecular unit, the

method which obtains the resin by simply polymerizing a monomer possessing the metal
20 carboxylate structure entails the problem of incurring difficulty in synthesizing the resin

because the polymerization entails the phenomenon of gelation.

SUMMARY OF THE INVENTION

An object to be attained by the present invention resides in developing a resin which

allows control of the speed of wear and enables the antifouling property to be manifested

25 for a long time, generally at least one year. It was a further object to develop a method for
stable production of the resin. The present inventors have continued a diligent study with a

view to attaining these and other objects and have discovered consequently a specific resin
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2 in'the presence of water present in an anount of 1 - 30 wt. %, based on
the weight of 15 said base resin (A). The present invention further

provi des antifouling coating-conpositions per se as well as arat4i fo%alzioq)gz
coating conpositions prepared according to the present method.” ‘G her
objects, feature and advantages of the present invention will becone
apparent fromthe followi ng detailed description. It should be understood,
however,_ .that_ t . i e L RL ; ekl ! ile
' oat MRS e L BhGieRE P SphRLAN, B8, b RemgReclfe B gy "
pref er r edrifourtingprapety. ofhié ieehdoreldsi bedn perfected aenrddyitway of illustration
only, since various changes and nodifications within the spirit and scope

of the invention will beconme apparent to ,those skilled in the art fromthis
det ai | ed desdRiaseordancerwithethpgel a1 PESCRDIEEISONDese 14 PREERREMEEEORMIMERT The
present i i a kiQoC Lnin C

Ot ot uPLOHENG, O A GIELRAM PohBaaZ 00k ahE S thed, BRh a) SRERELAIT,

ant i 5 oulcomginigop earbyxylerbep amha gesipadvingra polysikgend gicalngricaure espetsepted

met hod for stable production of the resin. 14b402 -2 04. 03. 2002 The
present bydoEmiladh provides: ( 1) a method for the production of an
antifouling resin characterized by causing a base resin (A sinultaneously
cont ai ning a carboxyl group and a group of a pol yal kyl ene gl ycol structure

repr esent ed bythefoll_marng' f_ogm.ua ) 5()y ~ CH2ND -~- n R
(wherein R denotes a hyd ogec%ﬁ'g?%'?'ht%r s%‘rg ght g?ai n, branched) or
cyclic al kyl group 10 or aral kyl group) mdenotes 1, 2, 3) or 4, and n

denotes an integer of not less than 1 and not nore than 100) in the
mol d8ul ar uniwherein R dsia hydiogen atom oxa steaight dhqify, brangbedforLyakic akyl group om

havi ng a val e of not .l es han, 2 i.n the.presence of ter of an anount
of 10 954 arlER nuldn inf Tk St e b 4 BB ol R o n D) e
ant i f oulgi4n01 0pOatthd thofRRPShiti ON characterized by containing as an active
conmponent an antifouling resin obtained by reacting a base resin (A

si mul t aneous| itb ¢in} theroixidy or hydrdsade/of ymetaplicatdmshaymg mpvaéncs qf sy sk thasne
gl ycol strructure represented by. the foll own e al formula (1) 20 ~
i 2510 U BieSieh BF Siehresen? ip AL APGLAT A SREr T Berl B whighnd
br anghedaiq®ascisln @)yl kyl group or aralkyl group, mis 1, 2, 3, or 4, and n
is an integer of not less than 1 and not nore than 100) in the nol ecul ar
unit, wth tAhepxedet overtionrfortheleprovidas astifatlingceatiogichmposigons /26 se a$ ence of
not less than 2_i n t he presence. of wat er_ .of an. am)uglt of 1 - 30 w. %,
based onvell as antifoaling coating compositions prepared according to the present method.
Other objects, feature and advantages of the present invention will become apparent
from the following detailed description. It should be understood, however, that the
20  detailed description and the specific examples, while indicating preferred embodiments of
the invention, while indicating preferred embodiments of the invention, are given by way
of illustration only, since various changes and modifications within the spirit and scope of

the invention will become apparent to those skilled in the art from this detailed description.

25
DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

The present invention has developed a resin containing a metal carboxylate structure
which allows control of the speed of abrasion and enables the antifouling property to be

manifested for a long time and to develop a method for stable production of the resin.

146402 2



t he amount of the base resin (A). A suitable base resin (A) to be used in
the production of the antifouling resin of the present invention is a resin
whi ch sinmul taneously contains a carboxyl group and a pol yal kyl pe gl @8£
structure represented by the aforenentioned general formula (I§ B

146402 -3 04. 03. 2002 nol ecul ar unit thereof. The pol yal kyl ene gl ycol
structure represented by the aforenentioned general fornula (1) herein has
a function of ThéTBfeQé/dtriﬂvetnlflSn%%ﬁéésV?D%sﬁeﬁBdtf&ethé(b%duﬂgoﬁ bf 53 WhrfOQkHg

i mpairing the physical properties thereof. In the aforenentioned general
fornmul a [asin, Characmrpeéfoercaeﬂng ® bhse resinZA) Bl,mldtanaoxahdcqm;almugtamarthyt gmaat i ng
units of 5, alkyle ne referred to be ra of from not
osst haf BERGH &R ene bl ShCheseBasgtod By e BBz e Tt he
excess nMymupt(pe found to produce any discernible inprovenent in

abr asi veness. ough the base resin (A nentioned above is available in
vari dus ki nds including pol yester resins, polyurethane resins, and

pol yam de resins, for exanple, it is particularly 10 properly such a vinyl
pol ymer that is obtained by copol ynerizing a vinyl type nonomer cont aining
a carboxyl group, a vin p fntal ing ol yal kyl ene gl ycol
structure, and ot her V|nyI Ségﬁgﬂgﬁé nerijgﬁle with these nononers
in the presence of a radlcal polynerlzatlon initiator in accordance with

t he standard net hod such as a solution polynerization nethod. 15 As

concr et e (whenehl RSdafotdshehydrogn diymer riostaight chan! Brianctied, ar cyulioXiyl gadupup,
(neth acrylic acid, crotonic acid, itaconic aC|d mal efic acid, and fumaric

aci dlGrayorratky srpupTedaroms) L. 2y Be ORfneifn denasen ail infaggr af RIlessithan baed gl ycol
structur ( eof a
o vt BB 0344 ELEOE0 RSB DA Byl RO, OB

ment i onea:tomhmvmg salerrwfaioe |8 thap26ia thd piﬁ‘J@ﬁlCé raset\dﬁ)eacaﬂahlamcﬁat ef1-30

met hoxyet hy| gneth acryl ates, hydroxyet é (neth) acryl ates,

met hoxy- Wbl % eP#spr SRdhe powmt Qf e haseet@wyt Lié®d nonyl phenoxy- pol yet hyl ene

gl ycol (neth) acrylates, and met hoxy- polypropylene gl ycol (nmeth)acrylates
may be cited. As concrete exanples of other nononer copolynerizable with
the vinyl type 25 nononmer containing a carboxyl group and the vinyl type
monolfer cont a2 ang amtifooliyglcloytireen eogpysitidn sharacterizez] byicnmtanang)rmt arc active
conpounds such as sty rene a- met hyl styrene, vinyl toluene, and

a- chl or 0%QRQUARE an | quj O‘H%eF%“‘beéV@ﬂoEY KR RCtigt értz,asefreim (BY sEnylBerowb s

of acryl thyl
(ret by acy S Rfine aXarBED I 4o 25iloet S pATallTERY biyblFIRRE Hitebmcd B
t-) but yﬂhe(fﬂlﬁdvtfl)tg.cgeydratﬁj,rmha}@j 30 (neth)acrylate, cycl ohexyl
(nmeth)acryl ate) 2-ethyl hexyl (meth)acrylate, n-octyl 146402 -4 04. 03. 2002
(meth)acrylate, decyl (nmeth)acrylate, lauryl (meth)acrylate, stearyl
(meth)acrylate, and isobornyl (meth)acryl ate; perfl uoroal kyl

(meth) acryl ates such as Eg& | et I t h) yl at e,

per f4-uor oi sononyl et hyl )gg?fi% G? J§B|UO ctylethyl (neth)

acryl at e; quoro-oIeflns represented by the general formula, CXz=CXz
(wherein X' s 5 invariably or variably denote H Cl, Br, F) al kyl group, or
hal oal kyl gr o@herdin wlndlart@dtctgenfammtas&@ighaerrm airathcﬂtaﬁtorocf}%hE)llk?Ugi‘bu@S
CHz=CFz, CHF =CFz, CHz=CFz, and CClF=CFz ;and so-call ed nacronononers which
are pol yorearalkyt eioup, 5’n’(§/1@r2 APk 4sichn ioroimtager aheptdessttham] and Beiongieer i zi ng

the sol vaag 1) a6 EAEL AT unh" S5 St B 87 iubFe o 3R Rlc B4R g e
m xt2§ e valdtick @f @t Rb@t\h@h 2adhkivd pepetes of d@tdrwﬂtan weRUALSHL aso Renzenased & uene,
and xylene acetic ester type solvents such as ethyl acetate, propyl

acet at e, tB@ﬂVP"@@Eﬁ&bé“”&ﬁvKAACetate nethoxybutyl acetate nethyl

ccet o acet ey Sl (AESLEALE) 1 B IR D SRULGREL A n R Bl R G0

acetate dlethy ene g Cl AR R acerl at e;
et her typrese0linention mcttsasWﬁtbnmnmanaiumyI@naml a’@d?bo@l%tcmd neltaher

et hyl ene gl ycol 15 di butyl ether, and diethylene glycol diethyl ether;

al cohol fﬁtﬁé kylgne, glyeel ssmishire senresenian by thfeaﬁfemn}lom%ganoal fo:mtpiaébanéme) and
(n-, i-, t-) butanol; and ketone type sol vents such as acetone, nethyl ethyl
ket one, nethylisobutyl ket one, and cycl ohexanone nmay be cited. These

sol vent s} be used either singly or3rn the formof a mixture of two or
nore nmenbers. 20 As concrete exanples of the radical polynerization
initiator, peroxides such as benzoyl peroxide, di-t-butyl hydroperoxide,
t-butyl hydroperoxide, cunyl peroxide, cunene hydroperoxide, diisopropyl
benzene hydroperoxi de, t-butyl peroxy benzoate, |auryl peroxide, acetyl
perOX|de and t-butyl peroxy-2-ethyl hexanoate and azo conpounds such as

o I T e . o o o o,



the dcid number exceeds 300 ng KOH g) the produced base resin (A will
acquire too high viscosity to allow easy handling. The wei ght average

mol ecul ar wei ght of the base-resin (A) is generally in the rag ey foo%, 000
- 200,000, preferably in the range of 2,000 - |00,000, and nore preferably
in the range of 2,000 - 50,000. If the weight average nol ecul ar wei ght of
the base resin (A) is less than 1,000, the dryness may not be easily

obt ai ned ' t ' ' suffer

ot 1 cf ongerBlad IR uRes | Fhe bRt RO AR B ER S BT ol g

aver age afotentantianedvgenghdl fernndedd h2fin GA0O; fitnedopvd dupredingaat abgsivedess ofy
suffer 10 not _onle%hde radati on of finish appearance tht al sq deficiency in

abr asi veth€ St WIHEUY IGHgHIngE Brysical PAPRCEHEIeEY!- afit fhefaé‘ﬂﬂemﬁg“?ﬂcgperty.

The ran f t en; ihe f b i :
gener al Iggenﬁgjl tf%n@g&?@yﬁm}tgipg ff’ HQ%}’&;#,%? !a%1 3 %54 %ﬁgg%Ber\;\qg:rg%{a&%’ngsr %fnge

for Gar diikylend glyosl, typrefertdietotbade theesinge 0AJromsn@aessnikdn ¥ tohndtandde tharef er abl y
Ato G For the antifouling coating 15 conposition, the range for the
cont ent H90-nErin sKegeds dorinsexgases 190} theurcess may mat B forndyierprogycsra@yabl y 40 to

60% by ' R : viscosity is generally B to Z2,
pr ef era\t,)\?lgs/&e?)l['ltbg3 %ﬁ)réur éﬁfﬁ?r&%@%{%ﬁs{” ene glycol unit in the general formula
(1) menti onedThhagtethe Hasy adshr @) veriviediabetk isnavatlabletn Variols kiots ihsdifgan

0.005 nol in 100 g of the base resin 20 (A)) to maxim ze its effectiveness
i n i npr oRAlyRptarHesinhrpelywretiane resinsy ped pelyemifde fesingy foriexampte, fAbls pasdcwlady n of

sat ; 6 yi BoPERE sFla i IR B kWS o ERASEIBioT LTSt fGhomer

hydr oxi deon@diniag n@etcattox¢l areup, hawimd @pe ahemsigerotomigihingea spdlydikylénd @lycenct
with the base resin (A) in the presence of water of an anount in the range
of 1 -30styycture, angpikes winyk Hpearpnemen LopdiEmenzables avithe diepe muonogersn -thoooC

o <por s cATOPRCE RE aAe kel B AP A ool Y Rl il LY

t he whol & dasseticH dlmefim@himh&ystem becones transparent with the advance
of the reaction. F')I'hl s invention does not discrimnate between the oxide or

h]}/drb&i de of Ah€oHerety exampies &f [the ViRYdrypP& wmgésqm@timnsra)ﬁmtbnéylvgwoi nt;
Co be- o (MEREIEad Ea6lolc SrighqBeombafie nblefeift i ToHE Gl gl oéT T

04. 03. 208gdmagnesi um and iron. During this step, the water is effective in
not only promoting the reaction but also preventing the reaction Sé_rs\tem
from gel at i onThecyingl | tpe imonomerp keraimingon prdyalkyense shispk structurgi et tmethk

reaction_system because .of di pear ance of flui dit ue to jrst high 5
Vi scosi t?ﬁrﬁ? e[%k: S a‘f%‘%ﬁ?m%f IW\EﬁegrS?ﬁ%s C?lglgs %feﬁ%‘?{ugbgﬁﬁ' a%y\%élfagﬁlyca ,S?lstaﬁ rtg{dded
wat exo NMeyepRetniad SFURE JevierToimalds (1) infenGbARiChbove] WREcoRbRUNExANFIEEES tRdOUt
30 weight %, the effect will remain the sane. The excess water which has

sur vi ved(meashaetydin iester hemethoxysth s t(@etaenylagasi ohydioxyethyl etmethbonagylatese

i | d b h duct i f tati
hoat i g, THETFBP e ahe oEIgHol R ROsSlAR” sBbu By R IR Sk 1w éRD 10
the net aécr?l@&@?ﬂf@mgﬁgﬁi??wphoggléﬂé@y&l BhetBROREhay ibe cRe@f erred to be in

the range of 0.1 - mol ar” ratio is 'snaller than about 0.1, the
reacti on may Asreonoeteargxamplgs yofl othgr tmenwmasdcopotyecrizapleawtithc dle. voyhvgpsel vy,

if t I ti d 5.0) th duced ' t il
i Fost HPRUF FORTGE verEetotbCRioth BHE Shotiy! GrPS MR BBEIE doi o

coul d beyguariighe kM hRkur®! vih{iCarBRha¢ cGRPAMAY slifasSdtyidaE, Vb Sndthy I reng,
vinyl toluene, and a-chlorostyrene; alkyl esters or cycloalkyl esters of 1 - 24 carbon atoms

of acrylic acid or methacrylic acid such as methyl (meth)acrylate, ethyl (meth)acrylate, n-

propyl (meth)acrylate, isopropyl (meth)acrylate, (n-, i-, t-) butyl (meth)acrylate, hexyl

30 (meth)acrylate, cyclohexyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, n-octyl

146402 4-



15 an active conponent. By the nmethod of this invention, the antifouling
resin can be very easily manufactured on a commercial scale. The
anitfouling coating conposition which contains as the active GAMRGNeRt 5

t hereof the antifouling resin obtained by the nethod of this invention’s
high effective in retaining an antifouling property. 20 Though the
mechani sm responsi ble for the antifouling property remains yet to be

el uci dat j i j t at, i i t i Ly y be
Fogt car 1 LU kS tocyt TRTRRIGR, FbD (e irdifl) SoMiL\RPIAPRL Yyt

car boxylisdberslr (methyaerylate} hperflnbioatkyl i (geth@srylateondughnas perflubsbagiiétigl
conponent in the antifouling coating cog)gosi tion of this invention are

sol ubi | i(BEH)TY 85y h PEEWOEN sARRYEthyS ~URgthagtydatesm angn Pesthiorepetylethil | (meth)

t her eby i | ew I t atd i S
Now ¢ i AT o R SRR WpRAOF, (e aRnttal pGRE O EKS TnERATXS
r ef eSendevariablyookvariabbxdenoltecBl, Gl Br el ealkybgioup, onhalodI¥y! groep nprolidime the
I 0

herei n bel ow, they respectively refer to "parts b&ﬁvvel ght" and "wt. %.

The fol IBURHE e3nsips &8 lea¥ ABR Do SHeards Col:MGH GHE iwivint CBa=Giardnduay,
but Ser@l@@@"agﬁ’roQHﬁ&PE@EroﬁorfoHepss%Fcﬁx' 8- ogrjy%gélrg. £ che g rox%o OQL?ch
Production Exanple f I'n"a reaction vesse pI’O\R Ca W h s Thernone er, a

t her nostmdnonersind ¢onitaina dopblytnerieimgcivndizrhondrat ofie tbr@iyal tgreuf mmy Bcipil t s of
xyl ene, 30 parts of butyl acetate, and 30 parts of n-butanol were placed
and then sti r¥etpngrde eeaimpies ofothy geluenttrderusediin Higtsohition pobymagization ef Hiened

naiRar St AR anBodh fobh, My Ben SR BYFRa BAC R Y BRRLAET Oltng ok, ™ '

over a pgldnedactic4sieotye Wventiesudh @s @thyl Aetste O PRIpYD addtdt®, butgr acdthtdyl ainyles
after the conpletion of the dropwi se addition, the m xture was kept at 105C
and st i rReeatee Firthoxybuwl pcetatae methyl fepigraceiatepfethyl pgetoacstate,nmgtiyl celiosalve

pol ymer i i.on. kNt at i.n y d r i t he
it ur ¢ Lt el aBbyale) ReSIchE, ByodtY WpRGmERSL XheF acktnty AR GRS e

was | ef tacatheneiheg typfe sbBRbtslsuth hs lMpxand, cethyldid glyeolt diethyPadied, @thylditeglyesti n
sol ution_consequently obtained was a honogeneous transparent sol ution
havilg abuwigritatraend dieslylerenglyes! dighyl ethery aleahgl tipetselveats sudo asned@noly, and

a Gardn i scosity,C T i.ght aver | ecul ar wei gh i esin
vas. 6. 00005 TRPbARSL aPPslefl o A P LN L AN e B Blvebafh T
2 Base ragétbie,Slethyletingd &6, Oy IsbubY KetbledWMnddcidiéherimtnedmag ¥ chéanpl e
1 while changing the mixture of nonomer and pol ynerization initiator and

t he addithesmaplverss yraar be asedbaitheti singly ot irothehsm phai mixtwe ointwiaaler anare The
physi cal CHQ%%E ants of these resin solutions are additionally shown in Table
1. 14640%" " Producti on Exanpl eConparative Production Exanpl el212Car boxyl

G ogpAcryl i ¢ A berc?éie NéxampladJofMarOFRIidYE thdagion initiator, peroxides such as
aci d1525Al kyl eneHydr ozyet hl et hacryl at e1540Mononer G yco

St r uct urbenzayl hpstpxiday | diddugylahpdopenepsisie: t i-euto mydroperaxidas neway Maensige,
pol yet hyl ene col net hacryl at n=9) St yr enelOEt hyl
Dor o1 at SHERT T RBETBee DiooRsPR LeRRTS SNETBREPE: AR RsERS: POAaREs WEHo i ne
net hacr erdxedeb RebtyMpéro%rfe] afd t-Budyl PX§-2-&hyl Hek@Rbdie: 2an¥iz8Ydompounds such
butyronitril e8686Addi ti onal Pol ynerization
as o, a'-azobisisobutyro-nitrile, o, o’-azobis-2-methylbutyronitrile, azobisdimethyl
25  valeronitrile, and azobiscyclohexane carbonitrile may be cited.

The acid number of the base resin (A) obtained by the standard method of radical
solution polymerization using the vinyl type monomer, solvent, and polymerization
initiator mentioned above is generally in the range of 10 - 300 mg KOH/g, preferably in
the range of 20 - 200 mg KOH/g, and more preferably in the range of 50 - 150 mg

30 KOH/g. If the acid number is less than 10 mg KOH/g, the coating film will be deficient in

146402 -5-



Initiratora, a' -Azobis-2-nethyl butyronitrilelll0.5Nonvol atile content

{99 535353Physi cal Gar dner vi scosi tyCDCel ati onFConst ant sWei ght aver age

nol ecul ar wei ght 6, 0008, 0008, 000Resi n aci d nunber (ng KOHI g) 1001431 65 0w
N O O N 146402 -9  04.03.2002 Exanple 1 A transparent resin 88r P.&HOZ
having a Gardner viscosity T was obtained by continuously stirring 200
parts of the base resin solution obtained in Production 5 Exanple 1 plus

ana 75 BpeitR il o afoulie BhbfeBly 1B Bling wronBRl aipdd o0 oGV

Conpar atth&ﬁ:x&lﬁﬁﬂibkﬁéxc@eds 3i)olrnga:romgl Yhe pradadeal 8¢ résas(A) Wil adquireSodVRigh
obtai ned by follow ng the procedure of Exanple 1 while changing the

conposi tVlﬁﬂSlb‘ftOtﬁél@é’ pasy ihandligut i on, zi nc oxi de) 10 water, and soI vent to

Lhose i coui b QoR R g B VR AP Rt BB BT

absokut efy,000 rm@mmrpraé%geﬁletﬂe Ei@ng%\/dfmcﬁ(@b byos,be0 omemmtpr@férmy & feear
sign of sedi nentation of zinc oxide after the stirri ng was stopped. 15 The

resin sarngei ond 08Bt HOHXY. | H th aveighs avarage maleaylaCongightaef the taseargsinetAlLis 3
were se | | ed to an _alum numsheet 0 Q0 much
e to pra s B he driysERad ilbe PERIR SB g S usiEimdTik blofieFE oditper <
of the i'rmnuﬂxh?rténd/\@d Quifér @fidéncy OaMvEARREhifitH aRd améatﬁmn t%merkémerifsmé at a
depth of 1 min the sea water of Suruga Bay ‘and, after the el apse of

nont hs avedght 2varage egleewareweigbt eme@m 0G,000,i thg ppeakq@ed topating fibm rmamuffdre

rati urface a_ af.f bio oII t.ion The results are
LB e PhivaErlafifn B fiimSibrdafid huca R aettieRd i dorsienb & 4hd, Baf 6,
give eXQ@iée?ﬁffoﬁm kfftl%t?dctd}g aﬁﬁqmrﬁglr%?erﬁm exarrpl e, a preferred ratio of
surface area affected hée lotic pollutionis O to 5 25 after 6 nonths, and

0 to 10% aft&ﬁlelangﬂ)ﬁw canitent of henyslasdesaf tb@hms'csmdhé isageseradlydtO to

coat i ng B e HGEBHE PR Bl y© BB R el e PREe o PREHEr SPORHE Y6 1 yi ng

al um nuipaghReing AD§E & RStS‘M fe®iratly 0 G FIFRE fhtooul ekig Priority
docunent Japanz(ég ng%rrlt }SpAppI | C:%I orﬁal\% 9- 237957 fil edulslgg%t:oenber 3, 1997,

i s ilAcocpmpasition,ithe eangeifar thecoateni efenonvblatitesfiegenecally 3thtol UHp thy weight] 46402
her ei n, PErtErep o0 EEFE d eeRt s mrbe B arcien GRoRD s megerly KRB the
pl ural fpggfg?agfy phs 2bj ect which fol |l ows.

Further, the alkylene glycol unit in the general formula (I) mentioned above is
preferably contained in an amount of not less than 0.005 mol in 100 g of the base resin

20 (A), to maximize its effectiveness in improving the abrasiveness of the coating film.

The antifouling resin of this invention can suitably be obtained by using the base
resin (A) satisfying the requirements mentioned above and causing the oxide or hydroxide
of a metallic atom having a valence of not less than 2 to react with the base resin (A) in the
presence of water of an amount in the range of 1 -30 wt. %, based on the amount of the

25  base resin (A) at 50 - 200°C for 1 - 20 hours. While the metal compound in the powdery
form is simply dispersed in the base resin (A) during the initial stage of the reaction, the
whole mass of the reaction system becomes transparent with the advance of the reaction.

This invention does not discriminate between the oxide or hydroxide of the divalent
metallic atom in any respect. From the viewpoints of cost, toxicity, reactivity, etc., the

30 oxide or hydroxide is preferred to be a metal selected from among copper, zinc, calcium,
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acetate7.57.57.55n-But anol 7. 57. 5107. 55Sol vent Xyl ene5Met hyl i sobutyl

ket one5Nonvol atil e cont ent

(99 50. 35002280359 050. 1Appear anceTr anspar ent Tr anspar ent Tr anspar ent Opaqu
eTr ansparaegﬁt atrl ahs%@rﬁé?ft Gar dner viscosityTUWACYRati o of surface area

af f ect ed byAfDwaringsthis stept the GRAEOSdfecivd m pal dnly ipesm§iHgfheaeactidn but also

nont hs053909030 0 0 w N O O N 14402 -12 04.03.2002 IN THE CLAIMS, 1. A
met hod fRBEVeRHBE Hleogactianswstem temgelatiopul Gelyiandsithe RhRBMEROBOLtR Reablegio(i ) a
5 base r.esi A) . Sk u onpr k:sj ar L group. an g p
navi ng SEnaP, ALk SFIER) Sk GOTE ASBG MG L ML AP IS, BoORRP
CH280 -viscosity. RIf the anmtvaneofhwhler iis le3s thadrabgen] avetyin o5, thesidded glater ahay flot

branched, or cyclic al kyl tgrguif or an aral kyl group, m
Fes

( y is 1 2, 3, or 4,
and n i fdeguately aygeieyrthissf the moung gEceret abaut SOrweiaht1 Bo therekfers will

d n i sareiy ehereg AL a1 B _
a val ondsmit tne, Mnlcl (e ek FAH®pflon WY S ARAPLARIELF ] Sufb a0

amount @bmbpletioBdfwhe rédctioase e essilynemaosed by sofh arehts Hafductmi of frdgsure). A
met hod according to claiml, wherein said netallic atomof a val ence of 20
at | eastdecanations ang heatingne Themelar msipeafithel carboRyk sroup v ipe besesiesini (g of
COpPRAr, | | o. aim
P WRer 4f Bl EBpROUT, (CRABAR Lo Gy cbRBouy, B SREGRA AR i 7

the rangel of 500 1If O0Omistar K@todis safallér tfanNESJuO . HC tHer fabifori tha9! @ndurhe an
wherein said base resin (A) has a weigght average nol ecul ar weight in the
range ofundulydong timgmnd@yovesimpractigat. h 6AN¥RIsadY dif Ae melaz|rafioreaceedhabasit 3-Q.he

ot ent 8 it ARy ot 52t bbb B D
free carboxylic acid could be greater than that of the metal carboxylate structure which is

15  an active component.

By the method of this invention, the antifouling resin can be very easily
manufactured on a commercial scale. The anitfouling coating composition which contains
as the active component thereof the antifouling resin obtained by the method of this
invention is high effective in retaining an antifouling property.

20 Though the mechanism responsible for the antifouling property remains yet to be
elucidated in detail, the manifestation of this antifouling property may be logically
explained by a supposition that the metal ions in the metal carboxylate structure in the
antifouling resin contained as the active component in the antifouling coating composition

of this invention are solubilized through ion exchange as with sodium ions in the water,

25  thereby abrading and renewing the surface of the coating film.

Examples

Now, this invention will be described more specifically below with reference to
working examples. Wherever “parts” and “%” are mentioned herein below, they
respectively refer to “parts by weight” and “wt. %.” The following examples are not

30  meant to limit the invention in any way, but serve merely for purposes of illustration.
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04.03.2002 6. A nmethod according to claim1, wherein the nolar ratio of
sai d carboxyl group to said netal conpound, in said base resin (A) is |n
the range of 0.1 - 5.0. 5 7. .A method according to claim1, mgﬁrel %
base resin (A) is a polyester resin, a polyurethane resin or ikﬁﬂ
resin. 8. A nmethod according to claiml, wherein said base resin (A) is a
vinyl polynmer that is obtained by copol ynerizing a vinyl nononer containing
a carbo&*bmgﬁngzaﬁlkg V|nyI nononer contai ning a pol yal kyl ene gl ycol
structu y addi tional vinyl nmononers in the presence of a
radi cal polyqerlzatlon t hod s or di

wh
iy momomen R LRSI HeSd RaTRREyIGS SeRsmoBticty adh@misAbf SHECh b i
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Vi nyI nmfan’emamﬂnwcmlmdaanpdhyasuuye@aed deatedito 405 Gcttm gesuangahixturedwds om
(et ) acr ﬁ)fSe @ﬂbg' ni ngdn t.he si ge chain t of a oI yal lé%l ene

glycdl t¢ f‘uar‘e '{n &y Py ‘E he TSRS TEYIeme 1P° )&mﬁB% 08" FEERdi ng
to cl a' MhdiCatedAETEHIE 1SRATaRiRH ‘érd/[i\ﬁlb’é 10T MR fur€ aNh FxBd Gked dvel ¥ Pekivl P

glycol structure is selected fromthe group consisting of (neth)acrylic
est ers, hosrhbyytbe hm,se qfn@cmrapplygatuasn hatr 8 yeinhies afieptthy campdtwneet the

T oY BB DR, Ty SO TR B SRR = e
(met h) acGo)hidh @ -1 Ba"ﬂ oﬁaﬂﬁafdhﬁféné’lcﬁtﬂpﬂbﬂgatﬂoﬁ 1ﬁitﬁtdi“ ik:6 t:ﬂ'm%‘f kylefORdyaiQM at a

tenperature of 50 200 C for 1-20 hours. . d according to claim
8, \ifer alropwiaé to thepoixpurerat zalixedrspeerd/o‘l'areaspetrm qf4Bh0@ amdithe resul@gt ddOBreuse
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acet at e, cetat t t aget
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et hanol ,W§glapEee mal ?ﬁ“@éa‘?ﬁig 1t of i segsin was 6,00y pyt anoi, acet one,

nmet hyl et hyl ketone, nethylisobutyl ketone, and cycl ohexanone. 14. An

gm 'IPOU|PrB&&BﬂtE#A%g@ﬂH§ tﬂ)?ﬁ?rﬁﬁlﬁfri)&igﬂgn @%g@@le@qt lye f%rpg.nrerﬂf ) gzeégsl y
Ctr it ur o r e SRt eo Sy R bl 5 SIHER P B, .

a hydr og@an@h®nher mixtakd adfgmor@h@r Nand rpoh&zation mytdidrc aalke Gdeitionalr
aral kyl group, mdenotes 1, 2, or 4, and n denotes an integer of not

| ess t hmlmqmtlﬂmmﬁmetq thase mda;ated in Hableol . e The ahysienl consiantnof these resia

oxi de or dr oxi a,etalli m 20 havi ng a val ence of not |ess than
21in thesoﬁfﬁé’g%ﬂrc? pgeh%%@cmabtlé)rl‘ an anount of 1 - 30 weight %, based
on the wei ght of sal d base resin (A). 146402 -15
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A transparent resin solution having a Gardner viscosity T was obtained by
continuously stirring 200 parts of the base resin solution obtained in Production
5  Example 1 plus 7.5 parts of zinc oxide, 5.3 parts of water, 7.5 parts of butyl acetate,

and 7.5 parts of n-butanol at 100°C for 20 hours.

Examples 2 - 3 and Comparative Examples 1 - 3

Invariably transparent resin solutions were obtained by following the procedure
of Example 1 while changing the composition of base resin solution, zinc oxide,

10  water, and solvent to those indicated in Table 2. The physical constants of the resin
solutions are additionally shown in Table 2.

Incidentally, in Comparative Example 1, absolutely no reaction proceeded as
evinced by the observation of a clear sign of sedimentation of zinc oxide after the
stirring was stopped.

15 The resin solutions obtained in Examples 1 - 3 and Comparative Examples 1 -
3 were severally applied to an aluminum sheet, 100 x 300 mm in area, so much as to
produce, on drying, a film thickness of 100 um. The applied layers of the solutions
were dried at room temperature and then left immersed at a depth of 1 m in the sea
water of Suruga Bay and, after the elapse of 6 months and 12 months, rated for

20 antifouling property in terms of the ratio of surface area affected by biotic pollution
(%)

The results are additionally shown in Table 2.

The composition of the present invention give excellent antifouling properties.
For example, a preferred ratio of surface area affected by biotic pollution is 0 to 5%

25  after 6 months, and 0 to 10% after 12 months, when the present compositions are
used.

Incidentally, in Comparative Example 1 and Comparative Example 2, the
coating films were thoroughly solved out and the surfaces of the underlying aluminum
sheets became exposed after 6 months immersion.

30 The priority document Japanese Patent Application No. 9-237957 filed

September 3, 1997, is incorporated herein in its entirety be reference, including the
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6. A method according to claim 1, wherein the molar ratio of said carboxyl

group to said metal compound, in said base resin (A) is in the range of 0.1 — 5.0.

5 7. A method according to claim 1, wherein said base resin (A) is a polyester

resin, a polyurethane resin or a polyamide resin.

8. A method according to claim 1, wherein said base resin (A) is a vinyl
polymer that is obtained by copolymerizing a vinyl monomer containing a carboxyl group,
10  avinyl monomer containing a polyalkylene glycol structure, and optionally additional vinyl

monomers in the presence of a radical polymerization.

9. A method according to claim 8, wherein said vinyl monomer containing a
carboxyl group is selected from the group consisting of (meth)acrylic acid, crotonic acid,

15 itaconic acid, maleic acid, and fumaric acid.

10. A method according to claim 8, wherein said vinyl monomer containing a
polyalkylene glycol structure is selected from (meth) acrylic esters containing in the side
chain thereof a polyalkylene glycol structure represented by the formula (I).

20

11. A method according to claim 10, wherein said said vinyl monomer
containing a polyalkylene glycol structure is selected from the group consisting of
(meth)acrylic esters, methoxyethyl (meth)acrylates, hydroxyethyl (meth) acrylates,
methoxy-polyethylene glycol (meth) acrylates, nonylphenoxy-polyethylene glycol (meth)

25  acrylates, and methoxy-polypropylene glycol (meth)acrylates.

12. A method according to claim 1, which is conducted at a temperature of 50-

200 °C for 1-20 hours.

30 13. A method according to claim 8, wherein said copolymerization involves the
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l):(\?gg/f) '(':%(5%4 gg'\ig%sg?k gt h )I;fzﬁé)é/ ﬁ@ ?CE)AE Gf_%tlenzene, toluene, xylene,

g’;g\] SUSf ! %’%’%?Q!? m@m@ RarfRpiRRREIRRR P ethoxybutyl acetate, methyl
eJKL I\/Nomgusarwvzt[hv] acet@?@@mer ghethil mibp@iwg tagetasey ££119sobyei aastattediethylene
:?Oggg}g Igfypgp Hl_r()}lgnﬁgitg%tpggggettatg nE{%\%’l D(t)a rT(ﬁoxa%e ethylene glycol diethyl ether,
<=>?7ABeiRifet ol MUBRIRSHEY WXl iche glye drttgniethel "emansit Bz btdpanol,

i-propanol, and (n-, i-, t-) butanol, acetone, methylethyl ketone, methylisobutyl ketone,

and cyclohexanone.

14.  An antifouling coating composition comprising as an active component an
10  antifouling resin obtained by reacting (i) a base resin (A) simultaneously comprising a

carboxyl group and a group having a polyalkylene glycol structure represented by formula

D.

15 —— CmH2mO——n R! (D)

wherein R' denotes a hydrogen atom or a straight chain, branched, or cyclic alkyl group or
aralkyl group, m denotes 1, 2, 3, or 4, and n denotes an integer of not less than 1 and not
more than 100 in the molecular unit, with (ii) the oxide or hydroxide of a metallic atom

20 having a valence of not less than 2 in the presence of water present in an amount of 1 - 30

weight %, based on the weight of said base resin (A).
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